Coronal mass ejections (CMEs) are intense solar explosive eruptions.
Introduction
Coronal mass ejections (CMEs) are intense solar explosive eruptions that eject large amounts of plasma and magnetic field from the solar atmosphere, and are known to be the main source of intense geoeffectiveness (Brueckner et al., 1998; Tsurutani et al., 1988) . CMEs are usually assumed to have magnetic flux rope structures near the Sun because of their helical shapes (e.g., Rust & Kumar 1996; Canfield et al., 1999; Liu et al., 2010; Zhang et al., 2012) . However, observations at 1 AU reveal that only 30%-40% of interplanetary CMEs (ICMEs) have the appearance of ropes and the ratio strongly depends on the solar activity (Bothmer and Schwenn, 1996; Richardson and Cane, 2004) . Such a low ratio may be caused by crossing of the flank of the ropes (Gopalswamy, 2016; Zhang et al., 2013) , or it does reflect some progress destructing these rope structures. Previous studies have shown that CMEs will interact with ambient solar wind or adjacent CMEs as they propagate in the interplanetary space (Farrugia and Berdichevsky, 2004; Dasso et al., 2007; Feng et al., 2009 Feng et al., , 2011 Gopalswamy et al., 2001 Gopalswamy et al., , 2002 Lavraud et al., 2014; Liu et al., 2012 Liu et al., , 2014a Liu et al., , 2014b Lugaz et al., 2012; Manchester et al., 2014; Mao et al., 2017; Odstrcil et al., 2003; Ruffenach et al., 2012 Ruffenach et al., , 2015 Temmer et al., 2012) . The interactions can alter the magnetic topology of CMEs and may result in great geomagnetic storms (Liu et al., 2014b) . However, due to expansion or the inhomogeneity in CMEs, the substructures (such as magnetic flux ropes) within CMEs are very likely to interact with each other. Therefore, understanding the interactions of these substructures is necessary for our understanding of the evolution of CMEs.
In this letter, we report an ICME consisting of multiple magnetic flux ropes. These ropes were merging with each other. The observations indicate that formation of large-scale rope structures can take place inside ICMEs as they are propagating in the interplanetary space. Our observations will provide improved understanding of the interplanetary evolution of CMEs.
Data
The data used in this paper are obtained from several instruments onboard Wind. The magnetic field data with time resolutions of 92s and 3s are taken from the Fluxgate Magnetometer experiment (Lepping et al., 1995) . The plasma data with time resolutions of 92s and 3s are respectively from The Solar Wind Experiment (Ogilvie et al., 1995) and the 3DP instrument (Lin et al., 1995) . If not specified, the GSE coordinate system (the Geocentric Solar Ecliptic coordinate system in which the x -axis directs from the Earth to the Sun, the z -axis points north, perpendicular to the ecliptic plane, the y -axis completes the right-handed coordinate system) is used in this paper. During roughly the same interval, the plasma beta values were low (mostly below 0.1, Figure 1j ), and the superthermal electrons were evidently bidirectional (data not shown here). Therefore, the shaded interval corresponded to an ICME (Burlaga and King, 1979; Gosling and McComas, 1987; Richardson and Cane, 1995) . Applying G-S reconstruction method (Hu and Sonnerup, 2002) to the two red bar-denoted intervals, the axis of the two flux ropes were found in the direction of In Figure 3 , data with higher time resolution (3 s) are presented and the vectors are transformed to the LMN coordinate system which are obtained by the hybrid Minimum Variance analysis (Gosling and Phan, 2013; Sonnerup and Cahill, 1967) .
Observations
Corresponding to the current sheet between 16:15 and 16:30 (shaded region), the proton density and the temperature increased (Figures 3b-3c ). The enhancement of the plasma velocity was mainly in the direction within the current sheet ( Figure   3d , the black curve). The blue curve shown in Figure 3d present the tangential velocity derived from Walé n relation (Paschmann et al., 1896) . The observed agreed well with that predicted by the Walé n relation during the crossing of the current sheet. The magnitude of the observed only reached 70% of that predicted, which might derive from the isotropy assumption (which was used here) and the ignoring of heavy ions (Paschmann et al., 1896) . Therefore, the spacecraft detected an exhaust of magnetic reconnection located at the interfaces between FR1 and the latter big flux rope (Gosling et al., 2005) . Two adjacent flux ropes may merge with each other through magnetic reconnection and form a bigger one (Odstrcil et al., 2003; Schmidt and Cargill, 2004) . The identification of reconnection current sheet (i.e. the one around 16:20 March 25) between FR1 and the latter big flux rope indicated that the two flux ropes were merging through magnetic reconnection.
Discussion and Summary
In summary, we reported observations of an ICME within which two flux ropes with different durations (i.e. ~2 hours and ~17 hours, denoted by the two red bars in the bottom of figure 1d) were merging with each other through magnetic reconnection.
The axis of the two flux ropes denoted by the two red bars in figure 1d were almost in the opposite direction. Therefore, the axial field ( y B ) was also reconnected during their coalescence. Such a coalescence will form a bigger rope but with a weak axial
field in the border which is often observed in Magnetic Clouds (MCs). The latter big rope (the long-duration one) was found to be formed by interaction of two smaller flux ropes (i.e. FR2 and FR3) . A boundary region was formed and observed between FR2 and FR3, and it has similar properties (depression of the magnetic field strength, high proton density and plasma beta) of MC boundary layers formed through the interaction between MCs and the ambient medium (Wei et al. 2003) .
Examining the CDAW LASCO CME catalog (Yashiro et al., 2004) and taking factors of time window, central position angle and angular width into account, we found that the reported ICME may be a counterpart of the CME appeared in the FOV of SOHO/LASCO C2 (Brueckner et al., 1995) at 07:31 UT on 21 Mar 1998.
According to GOES X-Rays observations, we find only one flare took place at about 05:40 UT from the same source region. Thus, like the multi-flux-rope configuration CME reported by Awasthi et al. (2018) , this CME may have multi-flux-rope configuration near the Sun. The observations of merging magnetic flux ropes demonstrate how the sub-structures of CMEs evolve. The multi-flux-rope ICMEs have been frequently reported in the early literature (Fainberg et al., 1996; Osherovich et al., 1997 Osherovich et al., , 1998 Osherovich et al., , 1999 Ruzmaikin et al., 1997) . Therefore, the interactions of sub-structures with CMEs are an important phenomenon in the evolution of CME. The observations provide strong support to the simulation results that two interacting ropes can gradually coalesce into one rope through magnetic reconnection when they propagate from the Sun to interplanetary medium (Odstrcil et al., 2003; Schmidt and Cargill, 2004) . In addition, the interactions of successive CMEs are often observed when they propagate in the heliosphere and many CMEs have magnetic flux rope structure. So, the reported rope-rope merger may be helpful for us to understand the CME-CME interaction and the evolution of CMEs. We speculated that the reported rope-rope interactions may also exist between successive rope-like CMEs and are important for the space weather forecasting.
